Recent research has led to wide acceptance and better understanding of a novel mechanism for cell-cell communication that employs a network of extracellular microvesicles (ExMVs). Derived from the plasma membrane or the endosomal membrane compartment, these small, spherical membrane fragments are secreted from the cell surface or in the process of exocytosis from endosomal membrane compartment and (1) with ligands expressed on their surface directly stimulate target cells in a paracrine manner, (2) transfer cell membrane receptors to target cells or (3) deliver encapsulated messenger RNA, microRNA, proteins and bioactive lipids to target cells. This represents an evolutionarily ancient mechanism by which cells signal their presence in the microenvironment, communicate with each other and affect the biology of neighboring cells. Evidence suggests the pivotal role of ExMVs in almost all biological processes within the body as well as their involvement in certain pathologies. Moreover, liquid biopsies based on deciphering the molecular signature of ExMVs promise to revolutionize laboratory diagnostics. At the same time, there are ongoing attempts to employ them as delivery vehicles for drugs as well as therapeutics in regenerative medicine, oncology and immunotherapy.
INTRODUCTION
A s with many breakthrough discoveries, the significance of research on microparticles, microvesicles and exosomes-all recently proposed to be included under the umbrella term "extracellular microvesicles" (ExMVs)-was not immediately apparent. [1] [2] [3] [4] [5] The best-known examples initially were platelet-derived ExMVs released from activated platelets as important facilitators in activating the blood coagulation cascade 6 and ExMVs released from maturing reticulocytes and enriched in surplus cell surface receptors shed from maturating red blood cells. 3 By contrast, regarding the physiological role of ExMVs released from nucleated cells, there was initially great skepticism, and ExMVs were believed by many investigators to be merely cell debris or apoptotic bodies released from damaged cells. 1, 2 Almost 20 years ago, my team became interested in ExMVs based on observations of these small membrane fragments during flow cytometry and fluorescence-activated cell sorting (FACS) analysis of apparently healthy normal cells from established cell lines isolated from in vitro cultures. In these analyses, a cluster of events of variable size was consistently visible in the lower left quadrant of the cytogram, which was interpreted by FACS operators as cell debris. To shed more light on this phenomenon, we began to isolate these membrane fragments using similar protocols to those employed for isolation of activated platelet-derived ExMVs and discovered that these small, spherical membrane fragments may, if added as stimulators to target cells, enhance their migration and proliferation and induce intracellular signaling.
7 Interestingly, they were also able to transfer cell surface receptors between cells. 8 Most importantly, we found that ExMVs transfer messenger RNA (mRNA) species and proteins between cells that, after delivery, modulate the biological processes of the target cells. 9 Shortly after this seminal observation, several groups followed our lead and produced compelling evidence for a new cell-cell mechanism involving horizontal transfer of bioactive mediators between cells, and this process has now been established as a new and important biological phenomenon. [10] [11] [12] [13] All of this has led to exponentially growing interest in the role of ExMVs in physiology and pathology.
In this short review, we summarize the most important findings in the field of ExMVs. We apologize that, because of space constraints, we cannot cite all the excellent work by investigators actively working in this field.
THE BIOLOGICAL ROLE OF ExMVs
Both single-cell and multicellular organisms communicate between cells by several mechanisms. In addition to fine-tuned, ligand-specific, receptor-based interactions that emerged over time during evolution, one of the most developmentally early cell-to-cell communication mechanisms is based on spherical membrane fragments. Although larger ExMVs ( 100 nm to 1 μm in diameter) are shed from the cell surface by blebbing and budding of the cell plasma membrane, smaller ones ( 40-150 nm) are derived from the endosomal cell membrane compartment in the process of exocytosis. [1] [2] [3] [4] [5] Smaller ExMVs are known as exosomes in the literature, and in this review, for reasons of simplicity, we refer to both large and small spherical membrane fragments by the common name ExMVs.
These small, spherical membrane fragments are present in blood plasma, interstitial fluid, cerebrospinal fluid, saliva, urine, bile, synovial fluid, sperm and breast milk as well as in malignant effusions. 3 ExMVs contain an outer phospholipid layer that surrounds inner content composed of several coding and noncoding RNA species, biologically active proteins (including enzymes), signaling components, transcription factors, bioactive lipids, nucleotides and certain metabolites. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] In some large ExMVs, mitochondria have also been identified. 14 Certain ligands hijacked from microvesicle-producing cells may also be expressed on the surface of ExMVs and may directly stimulate target cells in a ligandreceptor-dependent manner.
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PERSPECTIVES ON THE APPLICATION OF ExMVs IN REGENERATIVE MEDICINE
One of the known effects of ExMVs is its positive proregenerative and antiapoptotic effect during stem cell therapies in regenerative medicine. For example, in seminal work by Dr. Camussi's group, 15 it was convincingly demonstrated that ExMVs derived from mesenchymal stem or stromal cells exert similar biological effects in in vivo models of tissue and organ regeneration as in intact cells. This observation opened up new therapeutic possibilities for ExMVs in regenerative medicine, as it avoids problems related to the application of cells. Currently, this promising strategy is being tested in several animal models in cardiology, ophthalmology, neurology, hematology and hepatology.
Moreover, there have been attempts to generate ExMVs more efficiently from a therapeutic point of view by modifying cell lines that serve as their producers. Large-scale isolation of ExMVs for clinical applications is one of the most important challenges in the field. Recently accumulated evidence shows that smaller ExMVs are more potent in repairing tissue and organ damage than larger ones. 3 Overall, it is proposed that ExMVs could be isolated from a large-scale ex vivo expansion of cultured cells, for example, mesenchymal stem cells or even induced pluripotent stem cells that could be employed as producing cell lines. 16 In the Figure, Figure A) . Next, ExMV-generating cells could be genetically modified to overexpress on their surface (1) peptides that protect target cells in damaged organs from apoptosis and stimulate proliferation of the FIGURE. Different possible approaches to generating more efficient proregenerative ExMVs. ExMVs for therapeutic purposes could be harvested from large-scale in vitro cultures of producing cell lines-for example, MSCs or induced pluripotent stem cells. Such cell lines may be modified to obtain ExMVs that do not express HLA antigens (A); are enriched in growth factors, cytokines, chemokines and bioactive lipids that promote regeneration of damaged organs (B); are enriched in mRNA and regulatory miRNA facilitating regeneration of damaged tissues and promoting angiogenesis (C); or display on their surface molecules that direct them to, and cause them to be retained in damaged tissues (D). (Adapted with permission from Ratajczak et al. 16 ). exMV, extracellular microvesticles; HLA, human leukocyte antigen; mRNA, messenger RNA; miRNA, micro RNA; MSC, mesenchymal stem cells.
remaining cell population or (2) factors that effectively induce angiogenesis ( Figure B ). This would allow production of more potent ExMVs. Similarly, ExMVproducing cell lines could also be engineered to be enriched for mRNA and regulatory microRNA species that, after horizontal transfer to the damaged tissues, promote regeneration by inhibiting apoptosis and promoting angiogenesis ( Figure C) . Finally, they could also be enriched for cell surface molecules that facilitate their tropism to adhesion-partner molecules present in damaged organs ( Figure D) . We can expect in the near future the first results of clinical trials in which ExMVs are employed in the clinic to ameliorate, for example, cardiovascular complications, nonhealing ulcers of the lower extremities or even to regenerate damaged retina in patients suffering from acute macular degeneration. 3 
ExMVs AS VEHICLES FOR DRUG DELIVERY
Considering their molecular structure, one can consider ExMVs as a type of physiological liposome. Thus, like liposomes, they could be loaded with bioactive compounds and drugs and employed in the clinic as vehicles for drug delivery. 3, 17, 18 In fact, there are already several reports on using this strategy to deliver therapeutic compounds to cells. As an example, prostate cancer cell-derived ExMvs were used as an effective delivery system of paclitaxel to parental cancer cells, delivering the drug into the malignant cells by an endocytic pathway. Importantly, this approach increased paclitaxel cytotoxicity. 17 In another report, ExMVs were effectively employed to deliver siRNA molecules targeting HER2, an oncogenic receptor tyrosine kinase that critically mediates breast cancer development and progression, to breast cancer cells. 18 The results of the first clinical trials using this technology in several clinical settings are expected soon.
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ExMVs AS DIAGNOSTIC AND PROGNOSTIC TOOLS
ExMVs exhibit unique molecular signatures that depend on the markers and molecules that they acquire during formation from the cell of origin, and thus can be considered a kind of business card with which to identify these cells. These properties have opened the door to exploring their application as diagnostic tools to identify pathologic changes in the body. Based on this approach, ExMVs have emerged as important diagnostic targets in so-called liquid biopsies. 3, 22 Significant effort based on omics technologies is currently being made to study the profile of ExMV components in several clinical settings, including oncology, cardiology, nephrology, neurology, gastroenterology and pulmonology, 3 in which they could be employed as markers of diseases and have prognostic value. One of the challenges to overcome is to develop technologies to select ExMVs of interest from biological fluids using unique diagnostic markers.
UNWANTED EFFECTS OF ExMVs
In parallel, evidence has accumulated that ExMVs may play a role in pathology. For example, there are reports that an aberrant molecular composition of ExMVs may be responsible for pulmonary hypertension 4 or eclampsia. 23 Moreover, outdated peripheral blood platelets may be highly enriched for ExMVs that transfer molecules involved in platelet adhesion to endothelium (CD41, CD61 and CD62) of tumor cells, and thus make cancer cells "sticky" to endothelium and predispose them to metastasis. 24 This may limit the use of outdated platelets in cancer patients. A similar transfer of cell membrane receptors has been observed in many cases, for example, ExMVs derived from glioma cells in glioblastomas transfer the oncogenic receptor epidermal growth factor receptor variant III to neighboring cells, and thus increase their transforming potential. 25 It has also been reported that ExMVs from leukemic cells negatively affect normal hematopoietic cells in bone marrow. 5 Finally, transfer of HIV-entry receptors by ExMVs from monocytes or blood platelets may render other cells sensitive to entry by M-and T-tropic HIV viruses, respectively. 26 Interestingly, another possible ExMV-mediated mechanism is that prions, HIV and some other viruses may be carried as cargo inside ExMVs and transmit infection after ExMV fusion with uninfected target cells. This latter possibility of pathogen transfer is known in the literature as the "Trojan horse" effect. 27 
CONCLUSIONS
Evidence has accumulated pointing to a pivotal role of ExMVs in almost all biological processes in the body as well as involvement in certain pathologies. A novel, and until now unappreciated, crosstalk between cells has been identified that is mediated by ExMVs. This phenomenon is involved in several physiological processes, from maintaining tissue homeostasis to tissue and organ regeneration, angiogenesis and cancerogenesis. It will be important to decipher the molecular signature of mRNA species, proteins and bioactive lipids in ExMVs isolated from normal human individuals, including their dependence on sex and age and in patients presenting with various health problems. One of the major obstacles to moving this field forward has been the lack of established methods to isolate, measure the concentration of and purify ExMVs from biological fluids. Currently, several approaches have been proposed to standarize isolation and enumeration protocols, and a broad platform of omics strategies has been employed to decipher this exciting language of cell-cell communication. There is no doubt that we will continue to witness new developments in clinical and diagnostic applications of ExMVs.
